(19) 



EuropSisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



01) EP 0 799 993 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

08.10.1997 Bulletin 1997/41 

(21) Application number: 97301329.5 

(22) Date of filing: 27.02.1997 



(51) Intel* F04B 1/00, A61M 25/10, 
A61B 17/36 



(84) 


Designated Contracting States: 


(72) Inventor: Mornlngstar, Randy L. 




DE FR GB IT 


Brooklyn Park, Minnesota 55444 (US) 


(30) 


Priority: 02.04.1996 US 631643 


(74) Representative: Green, Mark Charles 


(71) 




Urquhart-Dykes & Lord, 


Applicant: American Medical Systems, Inc. 


91 Wimpole Street 




Minnetonka, MN 55343 (US) 


London W1M8AH (GB) 



(54) Fluid delivery apparatus 

(57) An apparatus for delivering fluid to a site at a 
controlled rate and pressure, which comprises a hous- 
ing (1 ) enveloping three interconnected chambers com- 
prising a first end chamber (2), a connecting chamber 
(6) and a second end chamber (3), an inlet port (8) and 
an outlet port (9) each located in a side wall of the con- 
necting chamber, each of the inlet port and the outlet 
port being associated with a valve (10, 11) for opening 
and closing the respective port; a first piston means (12) 



positioned within the first end chamber and a second 
piston means (13) positioned within the second end 
chamber, each of said piston means having a head with 
an inwardly facing surface (14) having a periphery which 
fits snugly within the corresponding end chamber to 
form a fluid-tight seal with the at least one side wall of 
the end chamber, wherein at least a portion of a side 
wall of the connecting chamber intrudes inwardly to pro- 
vide a stop for the head of each piston means; and clo- 
sure means to close the open end of each end chamber. 
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Description 

This invention relates to an apparatus for delivering 
fluid to a desired site at a controlled rate and pressure. 
More particularly, the invention relates to an apparatus 
for delivering a metered amount of fluid at a constant 
pressure which, if desired, may be higher than that ob- 
tainable with existing delivery devices. The invention al- 
so provides a method for delivering a metered amount 
of fluid at a controlled rate of flow in a variety of medical 
and surgical applications. 

Various devices are known for delivering fluids, i.e., 
liquids or gases, to a desired site. For example, in the 
medical art, syringes are known for dispensing meas- 
ured volumes of fluids. A typical syringe comprises a 
plunger or piston enveloped in a cylindrical tube where 
it forms a fluid-tight seal with the wall of the tube and the 
surface of the plunger and the wall of the tube define a 
chamber whereby slidable movement of the plunger for- 
wardly empties the chamber and backwardly refills the 
chamber. 

Since the forward movement of the plunger exerts 
pressure on the fluid in the chamber, the fluid is deliv- 
ered from the syringe under pressure and thus a syringe 
is a suitable instrument for inflating various inflatable de- 
vices such as balloon catheters. Balloon catheters have 
been used in various medical applications, for example, 
angioplasty and dilation of body lumens such as the 
prostate urethra. For such applications an appreciable 
pressure is required to fully inflate the balloon. 

While a standard, single plunger syringe is normally 
adequate to fill the balloon, the high pressure required 
for optimum working of the balloon cannot be achieved 
by a simple one-handed operation of the syringe. Vari- 
ous proposals have been made in the prior art to solve 
this problem. For example, it has been proposed to en- 
hance the pressure of the fluid delivered by the syringe 
by using a screw thread associated with the plunger 
mechanism. 

An improved type of syringe which achieves the de- 
sired high pressure is disclosed in U.S. Patent No. 
5,512,054, which describes and claims a dual action or 
dual pressure syringe which comprises a rear chamber 
and a front chamber of different cross-sectional area 
and a plunger mechanism comprising a primary plunger 
enveloping a telescopically slidable secondary plunger 
The plunger mechanism cooperates with the chambers 
such that the rear chamber provides high volume and 
low pressure and the front chamber provides low vol- 
ume and high pressure. The high pressure produced by 
the front chamber provides the necessary boost to 
achieve the intended pressure in the catheter balloon. 
The syringe also has the advantage that it may be op- 
erated with one hand and is relatively inexpensive to 
manufacture. 

In addition to the improvements and advantages 
provided by the syringe described immediately above, 
it also would be desirable to provide an apparatus which 



is capable of delivering fluid to a desired site at a con- 
trolled rate and pressure wherein the desired criteria are 
automatically included in the apparatus itself. These de- 
siderata are provided by the apparatus of the present 
s invention. 

In accordance with the present invention there is 
provided an apparatus for delivering fluid to a site at a 
controlled rate and pressure, which comprises: 

io a housing enveloping three interconnected cham- 
bers comprising a first end chamber, a connecting 
chamber and a second end chamber each end 
chamber having at least one side wall and terminat- 
ing in an open end, and the connecting chamber 

is having a variable volume defined by at least one 
side wall and two movable end walls; 
an inlet port located in a side wall of the connecting 
chambor and an outlet port located in a side wall of 
the connecting chamber wherein the connecting 

20 chamber provides a fluid pathway between the inlet 
port and the outlet port, each of the inlet port and 
the outlet port being associated with a valve for 
opening and closing the respective port; 
a first piston means positioned within the first end 

25 chamber and a second piston means positioned 
within the second end chamber, each of said piston 
means having a head with an inwardly facing sur- 
face having a periphery which fits snugly within the 
corresponding end chamber to form a fluid-tight 

30 seal with the at least one side wall of the end cham- 
ber, said inwardly facing surface defining a movable 
e^.u wall of the connecting chamber, wherein at 
least a portion of a side wall of the connecting cham- 
ber intrudes inwardly to provide a stop for the head 

3S of each piston means to prevent said heads from 
blocking any portion of the fluid pathway between 
the inlet port and the outlet port; and 
closure means to close the open end of each end 
chamber. 

40 

In the apparatus of the invention, the housing may 
be of any size or shape, depending upon the desired 
application; and, correspondingly, the three chambers 
may have any desired configuration. Thus, each of the 

45 end chambers and/or the connecting chamber may 
have a circular or oval cross-section, in which case each 
will have one side wall; or the chambers may have a 
square or rectangular cross-section, in which case each 
will have four side walls; or the chambers may have a 

so triangular cross-section, in which case each will have 
three side walls: or the chambers may have a polygonal 
cross-section, for example pentagonal, with five side 
walls, or hexagonal, with six side walls. In each case it 
is necessary that the displaceable volume in each end 

ss chamber is the same to ensure that equal pressure is 
provided by actuation of the piston means in each end 
chamber. It is also necessary that the periphery of each 
piston means head has the same cross-sectional con- 
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figuration as the corresponding end chamber in order to 
provide a fluid-tight fit between the head and the side 
wall or walls of the chamber. The cross-sectional con- 
figuration of the end chambers may be the same as or 
different from that of the connecting chamber. However, 
whatever the configuration may be, and particularly 
when the cross-section of all three chambers is the 
same, it is essential that at least a portion of a side wall 
of the connecting chamber should intrude inwardly to 
provide a stop for the head of each piston means. 

When the cross-section of each of the end cham- 
bers is other than circular or oval, for example triangular 
or rectangular, there will be a plurality of sharp angles 
or corners around the periphery. Each of these comers 
is a potential point of excessive wear from the move- 
ment of the piston means, as compared, for example, 
to the smooth curved periphery of a circular cross-sec- 
tion, and normally the working life of an apparatus with 
end chambers having a v polyangular cross-section 
would be expected to be much less than that of an ap- 
paratus with cylindrical end chambers having a circular 
or oval cross-section. However, when the apparatus is 
made for a use where it is intended to be disposable, a 
polyangular cross-section may be chosen to ensure ear- 
ly failure and consequential discard. 

Although various configurations, as described 
above, may be used for the apparatus of the invention, 
a preferred embodiment is one in which each end cham- 
ber and the connecting chamber all have a substantially 
circular cross-section. Advantages of this configuration 
are ease of manufacture and low cost. Different posi- 
tioning of the cylindrical chambers are possible, as de- 
scribed hereinafter, and in each structure the open end 
of each end chamber is closed by appropriate closure 
means. The closure means must be lockabty engagea- 
ble with the housing and various types of suitable clo- 
sures are described hereinafter. 

A particularly preferred configuration for the appa- 
ratus of the invention is that wherein the two end cham- 
bers and the connecting chamber are in line along a 
common longitudinal axis, so that the connecting cham- 
ber is central to the two end chambers and the closure 
means comprises two lockable caps, for example 
screwable or snap-fit caps, each of which is lockably en- 
gageable to the open end of each end chamber. 

Accordingly, a particularly preferred embodiment of 
the invention is an apparatus as described above for de- 
livering fluid to a site at a controlled rate and pressure, 
which comprises: 

a housing having an elongated hollow bore with a 
longitudinal axis and including three chambers 
comprising a first end chamber and a second end 
chamber, each chamber defined by an inner side 
wall of substantially circular cross-section and ter- 
minating in an outer open end, and an integral cen- 
tral connecting chamber between the two end 
chambers and defined by an inner side wall of sub- 



stantially circular cross-section and of smaller 
cross-sectional area than that of each of the end 
chambers; 

an inlet port located in the side wall of the central 
5 chamber and an outlet port located in the side wall 
of the central chamber, preferably, diametrically op- 
posite the inlet port, each of the inlet port and outlet 
port being associated with a valve located outside 
the housing for opening and closing the respective 
io port; 

a first piston means, for example a spring-actuated 
plunger or a pneumatically-actuated piston, mount- 
ed within the first end chamber and a second piston 
means mounted within the second end chamber, 
each of said piston means comprising a head hav- 
ing a substantially circular cross-section and a pe- 
riphery which fits snugly within the corresponding 
end chamber to form a fluid-tight slidable seal with 
the inner side wall of the end chamber, wherein the 
inner surface of the head defines a movable end 
wall of the central chamber; and 
closure means to close the open end of each cham- 
ber. 

When each of the piston means is a spring-actuated 
plunger it includes an outwardly extending stem having 
a proximal end and a distal end, the stem being co-axial 
with the longitudinal axis of the bore and being accom- 
modated within a helical compression spring, and the 
proximal end of the stem being integrally connected to 
the outer surface of the head of the corresponding 
plunger. In this embodiment the closure means compris- 
es two lockable caps, preferably two screw caps, each 
having a central hole and each being screwable onto 
the outer open end of an associated end chamber 
wherein the thread on each open end of the housing and 
the thread on each associated screw cap is such that 
the closure by the caps provides end chambers of sub- 
stantially equal volume, and each central hole accom- 
modates the distal end of the stem of the plunger mount- 
ed within the corresponding end chamber so that, upon 
compression or relaxation of the spring, the stem is sli- 
dable relative to the central hole. 

As stated above, a preferred closure means is a 
screw cap which is screwable onto the open end of the 
corresponding end chamber, the cap having an internal 
screw thread which is complimentary to a mating thread 
on the outer wall of the end chamber. An advantage of 
a screw cap is that screw may be tightened or loosened 
to adjust the compression on the spring of the plunger 
and thereby control the pressure exerted by the plunger 
on the fluid in the central chamber, the amount of com- 
pression being set according to appropriate gradations 
on the distal end of the plunger stem or on the outside 
of the housing. 

Alternative types of cap include the following: 

a cap with a snap-on fit, for example, a ball detent; 
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a cap with a bayonet lock; 

a cap with an apron secured by one or more set- 
screws positioned around the periphery of the 
apron. In this case adjustment of the compression 
on the spring may be achieved by a series of 
grooves or notches at different depths on the outer 
wall of the end chamber to engage with each set- 
screw. 

When each piston means is a pneumatically-actu- 
ated piston, there is no outwardly extending stem and 
the piston comprises a head which is preferably cup 
shaped with the base of the cup forming the head of the 
piston and the cup portion facing outwardly to receive a 
pressurized gas, usually compressed air, which actu- 
ates the piston. The side wall of the cup should be of 
sufficient depth to provide stability, i.e. lack of wobble, 
in the slidable movement of the piston. The gas for both 
end chambers is provided from a single source and is 
introduced into each end chamber via a line from the 
source through a port in a cap closing the end of each 
end chamber. 

In a preferred embodiment of the apparatus each 
of the valves associated with the inlet port and the outlet 
port of the connecting chamber is a gate valve. Also the 
outlet port gate valve preferably contains a fluid resistor, 
as described hereinafter. 

Preferably the housing is made from a substantially 
rigid, clear transparent plastic, for example polyethylene 
(polythene) or polycarbonate. The piston means also is 
preferably made from a plastic, which may be the same 
as, or different from that of the housing. Usually these 
features are injection molded. If desired the outer wall 
of the housing may bear gradations which indicate the 
volume and/or pressure of the fluid to be delivered. 

The fluid-tight seal between the head of each piston 
means and the inner wall of the corresponding end 
chamber is preferably provided by a groove around the 
periphery of the head and an O-ring accommodated 
within the groove, A preferred material for the O-ring is 
biocompatible, synthetic rubber. Alternatively, any 
means which provides a snug fluid-tight, slidable fit be- 
tween the periphery of the head and the inner wall of the 
chamber may be used. A particular advantage of the 
materials specified herein is ease of manufacture and 
low cost. 

Preferred embodiments of the invention are illus- 
trated in the accompanying drawings, in which: 

Fig. 1 is a side elevation sectional view of a partic- 
ularly preferred first embodiment of the apparatus; 
Fig. 2 is an exploded perspective view of the first 
embodiment of Fig. 1 ; 

Fig. 3 is a schematic side elevation of a second em- 
bodiment; 

Fig. 4 is a schematic side elevation of a third em- 
bodiment; 

Fig. 5 is a schematic side elevation of a fourth em- 



bodiment; 

Fig. 6 is a side elevation, on an enlarged scale, of 
a flow resistor, 

Fig. 7, 8 and 9 are views of various portions of the 
s flow resistor of Fig. 6; 

Fig. 10 is an exploded schematic representation of 
a method of use of an embodiment of the invention; 
and 

Fig. 11 is an exploded schematic representation of 
io another method of use of an embodiment of the in- 
vention. 

Fig. 1 of the accompanying drawings illustrates a 
cross-section of a particularly preferred first embodi- 
es ment of the invention, and Fig. 2 is an exploded perspec- 
tive view of the same embodiment. The apparatus illus- 
trated in Fig. 1 and Fig. 2 comprises a cylindrical housing 
1 having an elongated holh w bore defining three cham- 
bers or compartments I he chambers comprise a first 
20 end chamber 2 ar -J a second end chamber 3, each of 
the end chambers being defined by an inner side wall 4 
of substantially circular cross-section and terminating in 
an outer open end 5. The two end chambers are sepa- 
rated by an integral connecting central chamber 6 which 
25 js defined by an inner side wall 7 which, in the illustrated 
embodiment, is also of substantially circular cross-sec- 
tion but has a smaller cross-sectional area than that of 
each of the end chambers. 

For ease of manufacture, preferably the side inner 
30 wall of the central chamber is also circular in cross-sec- 
tion, but this is not essential. The important feature is 
that at least a portion of the inner side wall of the con- 
necting centra' chamber intrudes inwardly to provide a 
stop for the head of each piston means, described here- 
35 inafter, and thereby prevent the heads from making con- 
tact and blocking any portion of the fluid pathway be- 
tween the inlet port and the outlet port. In the illustrated 
embodiment the inner side wall of the connecting central 
chamber has a smaller cross-sectional area than that of 
40 each of the end chambers so that each of its outer sur- 
faces presents an inwardly intruding flange which acts 
as the desired stop to the inward moving head of the 
plunger in each of the end chambers. 

An inlet port 8 is located in the side wall of the con- 
45 necting central chamber. In Fig. 1 and Fig. 2 the inlet 
port is shown in the top of the housing, but "top", "bot- 
tom", "left 0 and "right" are used herein merely for con- 
venience and ease of description, and have no practical 
significance. An outlet port 9 is located in the bottom of 
50 the housing, in the side wall of the connecting central 
chamber diametrically opposite the inlet port. 

The inlet port has associated therewith a valve 10 : 
preferably a gate valve, located outside the housing. 
Likewise a valve 11 is associated with the outlet port. 
55 Preferably the outlet port gate valve contains a fluid re- 
sistor 22, which is illustrated in more detail in Fig. 6-9. 

A first piston means in the form of a spring-actuated 
plunger 12 is mounted within the first end chamber and 
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a second spring-actuated plunger 13 is mounted within 
the second end chamber. Each of the plungers compris- 
es a head having a substantially circular cross-section 
and a periphery which fits snugly within the correspond- 
ing end chamber to form a fluid-tight, slidable seal with 
the inner side wall of the end chamber The inner surface 
1 4 of each plunger head is substantially flat and defines 
a movable wall of the central chamber. Although the sur- 
face of each plunger head in the illustrated embodiment 
is substantially flat, it is to be understood that such sur- 
face may have any other profile. Thus, each surface 
may be concave or convex. However, it is essential that 
the volume displacement by each plunger provides 
equal pressure. Each plunger also comprises an out- 
wardly extending stem 15 having a proximal end 16 and 
a distal end 17 wherein the proximal end is integrally 
connected to the outer surface of the head of the plung- 
er. Each stem is co-axial with the longitudinal axis of the 
bore and is accommodated within a helical compression 
spring 18. 

The open end of each end chamber is closed by a 
suitable closure means, and in the illustrated embodi- 
ment the outer surface of the housing adjacent the open 
end of each end chamber is threaded and each external 
thread 24 is adapted to accept and engage with a com- 
plimentary thread 25 on the inner wall of a screw cap 
19,20. Each screw cap has a central hole 21 which ac- 
commodates the distal end of the stem of the plunger 
mounted within the corresponding end chamber when 
the cap is screwed on to the open end of the housing. 
Upon compression or relaxation of the spring 18, the 
stem 15 is slidable relative to the central hole 21. 

As described hereinabove, the closure means, as 
an alternative to the illustrated screw cap : may be, but 
is not restricted to, a cap with a snap-on fit, a cap with 
a bayonet fit, or a cap securable with one or more set- 
screws. These alternative closure means are not illus- 
trated herein but they are sufficiently known in the art to 
be fully interchangeable with the described screw cap, 
if desired. 

To provide a fluid-tight seal between the head of 
each plunger and the inner wall of the corresponding 
end chamber, each head preferably has a groove 
around the periphery thereof, which groove accommo- 
dates an O-ring 23. Each O-ring is preferably made from 
biocompatible, synthetic rubber. The housing 1, the 
plungers and the screw caps are preferably made from 
a substantially rigid, clear, transparent plastic, for exam- 
ple polyethylene or polycarbonate. If the apparatus is 
intended to be disposable then most of the aforesaid 
parts are preferably made from relatively inexpensive 
polycarbonate. Alternatively, if the apparatus is intended 
to be autoclavable and/or reusable it may be made from 
a more robust material, such as stainless steel. Each 
compression spring 18 is made from an appropriate 
spring metal depending upon the flow and pressure pa- 
rameters required. The compressibility of the spring 
may be adjusted by the screw thread on each end screw 



cap and, in order to ensure that the pressure exerted on 
each spring is the same the outer surface of the housing 
and/or the distal end of each stem may bear appropriate 
gradations. 

5 Alternative configurations for the two end chambers 
are shown schematically in the embodiments illustrated 
in Fig. 3 and Fig. 4 of the drawings. 

Fig. 3 illustrates a second embodiment wherein the 
piston means are two spring actuated plungers (the 
io springs and other detailed features are not shown) and 
the two end chambers 2 t 3 are positioned in parallel and 
the heads 14 of the two plungers exert pressure on the 
fluid in the connecting chamber 6 in substantially the 
same plane. In this embodiment the closure means is a 
f$ snap-on cap 26 with two holes 27,28 each of which ac- 
commodates a distal end 1 7 of a corresponding plunger 
stem. The inlet port 8 and the outlet port 9 are both lo- 
cated in the same side wall 33. While the wall may ap- 
pear to be an "end 0 wall, nevertheless it is still designat- 
ed a "side" wall to be consistent with the terminology 
used herein. 

Fig. 4 illustrates a third embodiment wherein the 
end chambers are disposed at right angles to each oth- 
er. Here again the piston means are spring-actuated 
plungers and all the other features, including the closure 
means, are similar to those used in the preferred em- 
bodiment illustrated in Fig. 1. As in Fig. 3, the inlet port 
8 and the outlet port 9 are located in the same side wall 
34. 

Fig. 5 is a schematic illustration of a fourth embod- 
iment wherein the piston means comprises two pneu- 
matically-actuated pistons. The disposition of the two 
end chambers, the connecting chamber and other fea- 
tures is substantially similar to that of the features in the 
first embodiment. Each of the pneumatically-actuated 
pistons comprises a cup-shaped head 29 which is ac- 
tuated by a gas, usually compressed air, provided from 
a source (not shown) via an air line 30 which spills into 
two lines 31 of equal pressure and delivers the gas 
through ports 32 into each of the end chambers 2, 3. 

In all of the embodiments described herein, the use 
of two plungers provides better control of flow and great- 
er pressure than prior art syringe pumps. For example, 
pressures of 240kPa (35 p.s.i.) or higher may be ob- 
tained, even with depleted volumes of fluid. The appa- 
ratus of the invention also provides constant pressure 
and metering. 

In a particularly preferred embodiment of the appa- 
ratus of the invention both the inlet port valve 1 0 and the 
outlet port valve 11 is a gate valve and the outlet port 
gate valve contains a fluid resistor 22. 

A suitable fluid resistor is illustrated in Fig. 6 and the 
parts thereof are illustrated in Fig. 7-9. The fluid resistor 
22 illustrated in Fig. 6-9 comprises a cylindrical hollow 
shell 35 with a torroidal cap 36 at each end. Beneath 
each cap and mounted within the shell is a perforated 
screen 37, shown in plan in Fig. 8. The screen contains 
a plurality of small holes which allow restricted flow of 



25 



30 



35 



40 



45 



SO 



9 



EP 0 799 993 A2 



10 



fluid entering the resistor. Each screen is held against 
the adjacent cap by a torroidal flow ring 38. The flow ring 
also acts as a spacer between each screen and a central 
flow channel 39. 

The flow channel 39 consists of a solid body with 
an outer surface having the profile of a helical screw 
thread. The helical groove of the screw thread provides 
a pathway for fluid between the body and the wall of the 
shell. This, type of fluid resistor is known in the art and 
provides a convenient means for restricting and thereby 
controlling the flow and also the pressure of the fluid to 
be delivered by the apparatus of the invention. The fluid 
resistor described herein is similar to that used in artifi- 
cial urinary sphincter (AUS) control pumps and typical 
dimensions for such a resistor are: a height of 0.124" 
(3.15 mm), and a diameter of 0.150" (3.81 mm). The 
perforated screen has fine holes of about 0.004" (0.102 
mm) in diameter. 

Some flow restriction is necessary for optimum 
functioning of the apparatus and the described flow re- 
sistor is a preferred device for this function. However, 
other means may be used, for example, the flow may 
be restricted by only partially opening the outlet valve 
and incrementally continuing the opening until the de- 
sired volume of fluid is delivered. Alternatively, flow re- 
striction may be achieved by reducing the cross-section 
of the outlet line, incrementally or continuously. 

The apparatus may be used to deliver fluid to a de- 
sired site at a controlled rate of flow and pressure in a 
variety of applications. Two preferred methods of use 
are illustrated schematically in Fig. 10 and Fig. 11 of the 
drawings. 

Fig. 10 illustrates an arrangement wherein an em- 
bodiment of the apparatus is used to inflate (and deflate) 
the balloon 40 of a balloon catheter 41 . The catheter is 
connected, via a connector, for example a Luer connec- 
tor, at the proximal end of the catheter, either directly or 
through a connecting line (not shown) to the outlet valve 
1 1 of the apparatus. Fluid is introduced into the connect- 
ing chamber 6 of the apparatus through the inlet valve 
10 from a suitable source 43, shown schematically as a 
syringe. 

The method of inflating the balloon comprises the 
following sequence:- 

The outlet valve is closed and the inlet valve is 
opened. Fluid from a suitable source, for example a sy- 
ringe, as illustrated, or a pressurized reservoir, is intro- 
duced through the open inlet valve and the outlet valve 
is opened until ail the air in the connecting chamber is 
displaced. This is indicated when fluid leaks from the 
outlet valve. The outlet valve is then closed and fluid 
from the source continues to be introduced until the de- 
sired measured volume is delivered. The inlet valve is 
then closed. This expands the connecting central cham- 
ber by moving the plunger heads outwardly against the 
predetermined pressure of the springs until the chamber 
is full. 

The delivery line to the device to be filled, i.e. the 



balloon catheter is then connected to the outlet valve. 
The outlet valve is then opened thereby allowing the flu- 
id in the connecting chamber to be automatically dis- 
charged and delivered to the catheter at the desired flow 
s rate and pressure. 

Fig. 11 illustrates an arrangement wherein an em- 
bodiment of the apparatus is used to deliver cooling fluid 
to the tip 44 of an interstitial laser coagulator. 

To protect the laser tip, it is necessary to deliver 
10 cooling fluid at a carefully controlled rate of flow and it 
has been found that the apparatus of the present inven- 
tion provides an excellent means for achieving the de- 
sired control. The compression springs for the two 
plungers are chosen to provide the required pressure to 
is deliver the predetermined flow rate of cooling fluid. The 
arrangement is similar to that illustrated in Fig. 10. In 
this case a fluid line 45 is connected at one end to the 
outlet valve 11 of the apparatus and at th . other end to 
the inlet port 46 of the laser device. Tie delivery of the 
20 cooling fluid follows a similar seqi^nce to that described 
for the arrangement of Fig. 1G. 

The apparatus of the invention may be made virtu- 
ally any size dependent only upon volume and pressure 
requirements and also may be made as either a dispos- 
es able or a reusable device. Preferred applications have 
been described herein, but other applications which re- 
quire particular rates of flow, pressure and metering are 
possible. 

Reference numerals within the Claims are to be 
30 considered solely for assisting clarity of the Claims. 



Claims 

35 1. An apparatus for delivering fluid to a site at a con- 
trolled rate and pressure, which comprises: 

a housing (1 ) enveloping three interconnected 
chambers comprising a first end chamber (2) : 

4 o a connecting chamber (6) and a second end 

chamber (3), each end chamber having at least 
one side wall (4) and terminating in an open end 
(5), and the "connecting chamber having a var- 
iable volume defined by at least one side wall 

45 (7) and two movable end walls; 

an inlet port (8) located in a side wall of the con- 
necting chamber and an outlet port (9) located 
in a side wall of the connecting chamber where- 
in the connecting chamber provides a fluid 

50 pathway between the inlet port and the outlet 

port, each of the inlet port and the outlet port 
being associated with a valve (10, 11 ) for open- 
ing and closing the respective port; 
a first piston means (12) positioned within the 

ss first end chamber and a second piston means 

(1 3) positioned within the second end chamber, 
each of said piston means having a head with 
an inwardly facing surface having a periphery 
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which fits snugly within the corresponding end 
chamber to form a fluid-tight seal with the at 
least one side wall of the end chamber, said in- 
wardly facing surface (14) defining a movable 
end wall of the connecting chamber, wherein at s 
least a portion of a side wall of the connecting 
chamber intrudes inwardly to provide a stop for 
the head of each piston means to prevent said 
heads from blocking any portion of the fluid 
pathway between the inlet port and the outlet 10 
port; and 

closure means to close the open end of each 
end chamber. 

An apparatus according to claim 1, in which each is 
of the first end chamber and the second end cham- 
ber is defined by an inner side wall of substantially 
circular cross-section, the first end chamber is dis- 
posed at a right angle to the second end chamber, 
each of the piston means is a spring-actuated 20 
plunger, and the closure means comprises two lock- 
able caps, each one engageable at the open distal 
end of each end chamber. 

An apparatus according to claim 1 , in which each 2s 
of the first end chamber and the second end cham- 
ber is defined by an inner side wall of substantially 
circular cross-section, the first end chamber is par- 
allel to the second end chamber, each of the piston 
means is a spring-actuated plunger, and the closure 30 
means comprises a snap fit lockable cap (26) en- 
gageable over the open ends of both end cham- 
bers. 

An apparatus according to claim 1 , in which the first 35 
piston means comprises a first cup-shaped head 
(29) mounted within the first en chamber and the 
second piston means comprises a second cup- 
shaped head (29) mounted within the second end 
chamber, each of said heads having a substantial! *o 
circular cross-section and a periphery which fits 
snugly within the corresponding end chamber to 
form a fluid-tight slidable seal with the inner side 
wall of the end chamber the inner surface of the 
head defining a movable wall of the central cham- 45 
ber, each cup shaped head being actuated by com- 
pressed air at a predetermined pressure from a sin- 
gle source; and the closure means comprises two 
screw caps, each having an inle port (32) to receive 
an air line (31 ) to deliver air from the source to the so 
corresponding end chamber and each being screw- 
able on to the outer open end of the end chamber 

An apparatus according to claim 1, in which the 
housing (1 ) has an elongated hollow bore with a Ion- ss 
gitudinal axis and includes three chambers com- 
prising a first end chamber (2) and a second end 
chamber (3), each chamber defined by an inner 



side wall (4) of substantially circular cross-section 
and terminating in an outer open end (5), an integral 
connecting central chamber (6) between the two 
end chambers and defined by an inner side wall (7) 
of smaller cross-sectional area than that of each of 
the end chambers; the inlet port (8) is located in the 
side wall of the central chamber and the outlet port 
(9) is located in the side wall of the central chamber 
diametrically opposite the inlet port, each of the inlet 
port and outlet port being associated with a valve 
(1 0, 1 1 ) located outside the housing for opening and 
closing the respective port; the first piston means 
comprises a first spring-actuated plunger (12) 
mounted within the first end chamber and the sec- 
ond piston means comprises a second spring-actu- 
ated plunger (13) mounted within the second end 
chamber, each of said plungers comprising a head 
having a substantially circular cross-section and a 
periphery which fits snugly within the corresponding 
end chamber to form a fluid-tight slidable seal with 
the inner side wall of the end chamber, the inner 
surface (14) of the head defining a movable wall of 
the central chamber, and an outwardly extending 
stem (15) having a proximal end (16) and a distal 
end (17), which stem is co-axial with the longitudinal 
axis of the bore and is accommodated within a hel- 
ical compression spring (18), the proximal' end of 
each stem being integrally connected to the outer 
surface of the head of the corresponding plunger; 
and the closure means comprises two screw caps 
(1 9, 20), each having a central hole (21 ) and each 
being screwable on to the outer open end of an as- 
sociated end chamber wherein the thread on each 
open end of the housing and the thread on each 
associated screw cap is such that the closure by the 
caps provides end chambers of substantially equal 
volume, and each Central hole accommodates the 
distal end (17) of the stem of the plunger mounted 
within the corresponding end chamber so that, upon 
compression or relaxation of the spring, the stem is 
slidable relative to the central hole. 

6. An apparatus according to any preceding Claim, in 
which the fluid-tight seal between the head of each 
piston or plunger and the inner wall of the corre- 
sponding end chamber is provided by a groove 
around the periphery of the head and an O-ring (23) 
accommodated within the groove. 

7. An apparatus according to any preceding Claim, in 
which each of the valves associated with the inlet 
port and the outlet port is a gate valve. 

8. An apparatus according to any preceding Claim, in 
which the outlet port gate valve contains a fluid re- 
sistor. 

9. An apparatus according to any preceding Claim, in 
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which the housing is made from a substantially rigid, 
clear transparent plastic. 

1 0. A method for delivering fluid at a predetermined flow 
rate and pressure from a source to a desired site s 
which comprises connecting the source to the inlet 
valve of an apparatus according to any preceding 
Claim, and connecting the delivery site to the outlet 
valve of the apparatus, opening the inlet valve to 
introduce fluid into the connecting chamber of the io 
apparatus and opening the outlet valve until air 
present in the connecting chamber is expelled by 
incoming fluid, closing the outlet valve and keeping 
the inlet valve open until the desired volume of fluid 
is introduced into the connecting chamber and the 1$ 
piston means is fully retracted, then closing the inlet 
valve and opening the outlet valve so that the fluid 
in the connecting chamber is automatically deliv- 
ered to the site at a controlled flow rate and pressure 
under pressure from the piston means, and closing 20 
the outlet valve when the desired volume of fluid is 
delivered. 
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(54) Fluid delivery apparatus 

(57) An apparatus for delivering fluid to a site at a 
controlled rate and pressure, which comprises a hous- 
ing (1 ) enveloping three interconnected chambers com- 
prising a first end chamber (2), a connecting chamber 
(6) and a second end chamber (3), an inlet port (8) and 
an outlet port (9) each located in a r;oe wall of the con- 
necting chamber, each of thr, inlet port and the outlet 
port being associated with a valve (10, 11 ) for opening 
and closing the respective port; a first piston means (12) 



positioned within the first end chamber and a second 
piston means (13) positioned within the second end 
chamber, each of said piston means having a head with 
an inwardly facing surface (14) having a periphery which 
fits snugly within the corresponding end chamber to 
form a fluid-tight seal with the at least one side wall of 
the end chamber, wherein at least a portion of a side 
wall of the connecting chamber intrudes inwardly to pro- 
vide a stop for the head of each piston means: and clo- 
sure means to close the open end of each end chamber. 
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